The objective of this experiment was to investigate the effect of Lactobacillus isolates on intestinal bacterial community composition of growing Rex Rabbits. A total of 120 weaned Rex Rabbits (30 days old, 30 per group) were used for the experiment, which started after an adaptation period of 7 days. The control group was fed with basal diet only, while the treatment I, II and III groups were fed with basal diet adding antibiotics, Lactobacillus zeae (LB1) and Lactobacillus casei (L3) respectively. Growth performance, immune response and intestinal flora have been examined. The results obtained were as follows: (i) F/G of the rabbits fed with Lactobacillus isolates was significantly lower than that of the control group (p < 0.05).
Introduction
The rabbit is a herbivore whose diet contains large amounts of cellulose. The cellulose is mainly decomposed by micro-organisms in the caecum (Gidenne and Licois, 2005) . The species and quantity of caecal microbiota are very large, which directly affect the health of rabbits Kims e et al., 2012) . High diarrhoeal morbidity and mortality of young rabbits cause severe problems for rabbit breeding. For the young rabbits, the weaning and post-weaning periods are particularly important to establish growth and resistance to digestive disorders (Fortun-Lamothe and Boullier, 2007) . The precise mechanisms of young rabbit diarrhoea are not fully understood yet. They may have a multifactorial origin, with a combination of one or several pathogenic agents (bacteria disorder, coccidian, low fibre or nutrition, etc.) .
There are an estimated 400 different species of bacteria inhabiting the rabbit caecum, of which 25 are considered the most abundant (Benato et al., 2014) . Stability and richness in probiotics of intestinal microbial community can be beneficial for the health of rabbits. On the contrary, any imbalance of this intestinal flora can result in alteration in pH, dysbiosis and proliferation of pathogens, with detrimental effects onthat, when ingested in sufficient quantity, improve the health of the host beyond their inherent basic nutrition (Mañ e et al., 2009) . Lactobacillus have a long and safe history in the manufacture of dairy products and are traditionally included in probiotic products (Lee et al., 2011) . A number of physiological influences of Lactobacillus on their hosts have been examined, including antimicrobial effects, microbial interference, supplementary effects on nutrition, antitumor effects, reduction in serum cholesterol and lipids and immunomodulatory effects (Arqu es et al., 2015) . However, until now, few objective studies have been conducted to assess their benefits on growing rabbits, especially for research concerning intestine biodiversity of Rex Rabbits. Some hypothesize that Lactobacillus affect the microbial community of animals. According to the importance of intestinal microorganisms on digestion function and health condition of rabbits, the study has a special significance about influence and mechanism of probiotics on intestinal function, regulation and microbial community structure of rabbits (Yu and Tsen, 1993; Tremaroli and B€ ackhed, 2012) .
Therefore, the present study aims to (i) investigate the influence of Lactobacillus isolates on growth performance and immune response of growing Rex Rabbits and (ii) characterize the effect of Lactobacillus isolates on the intestinal bacterial community of Rex Rabbits and reveal the association between gut microbiota and intestinal health.
Materials and methods

Ethics statement
Animal management and experimental procedures were carried out in accordance with the welfare guidelines of the Animal Care Committee, Shandong Agricultural University, People's Republic of China. All animal experiments were reviewed and approved by the Institutional Animal Care and Use Committee of Shandong Agricultural University and performed in accordance with the 'Guidelines for Experimental Animals' of the Ministry of Science and Technology (Beijing, China). All surgery was performed according to the recommendations proposed by the European Commission (1997), and all efforts were made to minimize suffering.
Bacteria culture
Lactobacillus isolates: L. zeae (LB1) and L. casei (L3) were effective isolates preselected by Caenorhabditis elegans as an animal model (Wang et al., 2011) . Either de Man-Rogosa-Sharpe (MRS) broth or agar was used to culture Lactobacillus isolates at 37°C for 18-24 h in an anaerobic chamber with an atmosphere of 85% N 2 , 10% CO 2 and 5% H 2 . The number of the bacteria was greater than 10 9 CFU/ml.
Animals, housing and sampling
One hundred and twenty weanling Rex Rabbits (30 days of age) of both sexes (equal male to female ratio per treatment and 629 AE 39 g in mass) were used for experiments after an adaptation period of 7 days. The rabbits were divided into 30 healthy rabbits per treatment group and assigned to the four experimental diets by average live mass, being monitored every day. The control group was only fed with basal diet on the basis of de Blas and Wiseman (1998) ( Table 1) . Treatment I was fed with the basal diet adding antibiotics (Zinc Bacitracin, 100 mg/kg mixed with basal diet). Treatments II and III were fed with the basal diet adding 0.3% LB1 or L3 in water respectively. The experimental rabbits were individually housed in metabolism cages (60 9 40 9 40 cm) and had ad libitum access to feed and water. The animals were located in an environmentally semicontrolled closed building during the experimental period. The room temperature was maintained between 18°C and 28°C, and the relative humidity ranged from 50% to 60%. On day 65, 40 rabbits (10 rabbits per treatment, male and female having half each, with their body weights around the average group body weight) were sampled for blood by cardiac puncture at approximately 8:00 am. The blood samples were centrifuged at 1500 g for 10 min. The isolated serum samples were stored at À20°C for further analysis. Five healthy rabbits randomly selected from each treatment group were euthanized by cervical dislocation at the same time (8:00 am, empty stomach) and had their digestive tracts removed within less than 15 min. The content of the intestines (including duodenum, jejunum and caecum) were collected and frozen immediately in liquid nitrogen and subsequently stored at À70°C until analysed. Meanwhile, the intestinal samples of the duodenum, jejunum and caecum were collected from the middle portion of each region (approximately 10 cm in length) for each treatment and washed using 0.9% NaCl solution. The samples were mobilized in Bouin 0 s solution for further experiment.
Growth performance
The experiment lasted for 35 days, including a 7-day adaptation period and a 28-day experimental period. Feeds were provided ad libitum and offered at 8:30 and 17:30 daily. The residual feed was collected daily. Rabbits were weighed individually at the beginning (day 37) and the end (day 65) of the experiment, and the average daily gain (ADG) was calculated. The average daily feed intake (ADFI) was recorded, and the feed to gain (F/G) ratio was calculated. The numbers of diarrhoeal rabbits was recorded every day by the same people who administered the diets, and then diarrhoeal incidence was calculated accordingly. The incidence of diarrhoea was calculated as follows: diarrhoea incidence (%) = [(number of rabbits with diarrhoea)/ (number of rabbits 9 experimental days)] 9 100% (Huang et al., 2004) , where the number of rabbits with diarrhoea (clinical signs of sickness including transitory diarrhoea, presence of mucus in excreta, etc.) was the summation of the number of rabbits with diarrhoea every day with all rabbits in each group.
Biochemical analysis
Serum samples were analysed using automatic biochemical analyser for total protein (TP), alanine amiotransferase (ALT), glucose (GLU), triglyceride (TG), total cholesterol (TCHO), blood urea nitrogen (BUN), immunoglobin G (IgG), immunoglobin A (IgA), immunoglobin M (IgM). These data were collected by Institute for Biochemical Analyses of central hospital in Tai'an (Shandong, China).
Counting of intestine Mastocyte
Intestine samples were embedded using conventional paraffin and then were cut to 5-lm-thick slices by a slice cutter. The slices were dyed using improved staining method with alcian blue 8GX and 0.018% saffron (Morii et al., 2004; Chao et al., 2005) . After dying for 30 min, the slice was washed by distilled water, dehydrated by gradient alcohol, made transparent by xylene and sealed by neutral resin. Distribution and morphological features of intestinal mucosal mast cells were observed using a light microscope. Five slices were selected for each site, and the number of mast cells was counted.
DNA Extraction and Purification
Sixty samples (200 mg of intestinal content of duodenum, jejunum and caecum) were suspended in 1.4 ml of ASL buffer, and DNA was extracted using a QIAamp DNA Stool Mini kit (Qiagen, Hilden, Germany) following the manufacturer's instructions. The bacterial cells were disrupted by a bead beater with sterile zirconia beads added to the samples, which improves extraction yield and the quality of the community DNA. For each sample, DNA was extracted in duplicate to avoid bias , and the extracts from the same sample were pooled for 16S rRNA sequencing. To assess the DNA quality, A 260/280 measurements were performed using a DU640 Nucleic Acids and Protein Analyzer (Beckman Coulter, Brea, CA, USA). The DNA samples were diluted to 20 ng/ul using sterile ultra-pure water. After the extracted DNA was detected and quantified strictly, equal moles of five DNA samples of the same treatment and intestinal regions were mixed (Zhu et al., 2015) . Therefore, the total number of mixed DNA samples was 12 and then 12 libraries were coded as A1, A2, A3, A4, B1, B2, B3, B4, C1, C2, C3 and C4; that is, A, B, C representing the samples from jejunum, duodenum and caecum, respectively, and 1, 2, 3, 4 representing the four treatments. Then, all samples were stored at À20°C until use.
pyrosequencing
PCR primers that flanked the V4-V6 region of bacterial 16S rRNAs were designed. The forward PCR primer contained the barcodes (unique DNA sequence identifiers), which allowed us to pool samples together and subsequently to segregate the sequence reads for each sample based on barcodes.
The forward primer (LinkerA-tag-530F) was the following: 5 0 -CCATCTCATCCCTGCGTGTCTCCGACTCAGXXX XXXX GTGCCAGCMGCNGCGG-3 0 , and the reverse primer (LinkerB-1100R) was the following: Dowd et al., 2008) . The sequences of adaptor A for the forward primer and adaptor B for the reverse primer are underlined, and the X's in the forward primer represent a 7-base sample-specific barcode sequence. Sixteen technical replicate PCRs (each with a unique barcode) were performed in 12 DNA samples from different treatments. The PCRs were carried out in triplicate 50 ll of reaction mix containing 2 ll (10 mol/l) each of the primer, 2 ll template DNA (20 ng/ul), 5 ll of 10 9 Pyrobest Buffer II, 4 ll dNTP (2.5 mM), 0.25 ll Pyrobest DNA Polymerase (5 U/ll) and 34.75 ll sterile ultra-pure water. The cycling parameters were as follows: 4 min of initial denaturation at 94°C, 25 cycles of denaturation at 95°C (30 s), annealing at 60°C (45 s), extension at 72°C (1 min) and a final extension at 72°C for 10 min. During amplification, negative controls were also performed. Three replicate PCR products of the same sample were assembled within a PCR tube. Then, they were visualized on a 2% (m/v) TBE (89 mmol/l Tris, 89 mmol/l boric acid, 2 mmol/l Na 2 EDTA, and pH 8.3) agarose gel. PCR products at the target location were purified using an Axy-Prep DNA Gel Extraction kit (Corning, Corning, NY, USA).
The DNA concentration of each PCR production was estimated using the Quant-iT PicoGreen dsDNA Assay kit (Life Technologies, Carlsbad, CA, USA) by fluorimetry, and the DNA quality control was determined on an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA) before sequencing. After pooling equimolar amounts of the PCR amplicons from the same treatment samples, 12 pooled amplicon libraries were constructed by emulsion PCR. Pyrosequencing of bacterial V4-V6 region gene amplicons were performed from the A-end using the Roche GS Titanium LV emPCR kit (Lib-L) v2 on a Roche 454 GS FLX+ sequencer system at Personal Biotechnology, Shanghai, China.
Statistical analysis
All data analyses for growth performance and immune response were performed using one-way analysis with SPSS for Windows, version 14.0, and differences between means were compared by Duncan's least significant difference. p Value <0.05 was considered significant difference, and the analysis result was noted with mean AE standard deviation (M AE SD).
Bioinformatics analysis
Quality-trimmed sequencing reads were derived directly from FLX + sequencing run output files. The valid sequences were complied with the method reported by Hamady et al. (2008) . The sequences were aligned in accordance with the RDP classifier alignment and clustered into OTUs. OTUs defined at the 97% sequence similarity level were used to generate rarefaction curves and to estimate the richness by the nonparametric indices abundance-based coverage estimates (ACE) and Chao1 (Chao et al., 2005) . The OTU table, classification, rarefaction dilution curves, network analysis, heat map analysis, and beta diversity analysis were generated using RDP classifier (http://qiime.org/tutorials/tutorial.html). The diversity index (Simpson and Shannon) and Good's coverage for the 12 libraries were determined using the 'summary.single' command from Mothur (Chao et al., 2005; Wu et al., 2012) . To evaluate the diversity and richness of these sequencing reads of species detected in the samples, ACE, Chao1, Shannon and Simpson parameters were applied to estimate sampling effectiveness (Table 2 ).
All sequences were classified from phylum to genus according to the program Mothur using the default setting; 12 different phyla or groups were identified from these samples.
is applicable to many situations in which the experimental quantity of microbiota is compared with the theoretical frequency based on a hypothesis (Zhu et al., 2015) .
Results
The effect of Lactobacillus isolates on growth performance and diarrhoeal incidence
The growth performance of rabbits from weaning to 65 days old is shown in Table 3 . The data showed that ADFI was higher significantly than the control group after feeding antibiotics, LB1 and L3 (p < 0.05). ADG of treatments I, II and III was higher than that of the control group from 4.3% (p > 0.05), 9.57% (p < 0.05) to 11.96% (p < 0.05) respectively. The diarrhoeal incidence of rabbits was lower 16.7%, 13.4% and 6.7% than the control group from treatment I to III respectively (Fig. 1) . Diarrhoeal incidence was markedly reduced by antibiotics, LB1 and L3.
The effect of Lactobacillus isolates on serum biochemistry
Serum concentrations of TP, ALT, GLU, TG, TCHO, BUN, IgG, IgA and IgM are shown in Table 4 . There were no significant differences in serum TP, GLU, TG, TCHO and IgA concentrations among all groups (p > 0.05), indicating that Lactobacillus and antibiotics had no influence on these parameters. The concentration of ALT decreased significantly (p < 0.01) and that of IgG and IgM increased significantly (p < 0.01) after feeding rabbits with Lactobacillus isolates. The BUN concentration decreased significantly when rabbits were fed with antibiotics (p < 0.01).
The effect of Lactobacillus isolates on the number of intestine mast cells
The counting result for the number of mast cells in different intestinal regions is listed in Table 5 , and some slice photographs are shown in Fig. 2 . The result indicated that LB1 and L3 had no influence on the number of mast cells in duodenum and jejunum (p > 0.05). The number of mast cells in duodenum increased significantly after feeding antibiotics (p < 0.05). The number of mast cells in caecum The values with different small letters in the same row differ significantly (p < 0.05). *ADG, average daily body weight gain; ADFI, average daily feed intake; F/G, the ratio of feed intake to body weight gain, indicating feeding efficiency.
Feed was calculated based on dry weight. †The control group means fed with basal diet; treatment I means fed with the basal diet adding antibiotics; treatments II and III were the basal diet adding Lactobacillus isolate LB1 and L3 respectively. The operational taxonomic units (OTUs) were defined at 3% dissimilarity level. The richness estimators (ACE and Chao1) and diversity indices (Shannon and Simpson) were calculated using the program Mothur. *A1, A2, A3, A4 represented the sequences of duodenum from control, treatments I, II and III, respectively, at 65 days. B1, B2, B3, B4 represented the sequences of jejunum from control, treatments I, II and III respectively, at 65 days. C1, C2, C3, C4 represented the sequences of caecum from control, treatments I, II and, respectively, at 65 days.
increased significantly (p < 0.05) when rabbits were fed with LB1 and L3.
The effect of Lactobacillus isolates on taxonomic composition of intestine microbiota
All sequences from the 12 libraries were analysed together to identify OTUs from the 454 pyrosequencing data. A total of 87 005 valid reads and 16 895 OTUS (based on 97% sequence similarity) were obtained. These sequences or OTUs were assigned to 12 different phyla or groups (Fig. 3) and are available through the NCBI/EBI/DDBJ Short Read Archive (Accession No.SRS381117; http://www.ncbi.nlm.nih.-gov/biosample? term=SRS381117). While no rarefaction curve (Fig. 3a) plateaued during the current sequencing, Shannon diversity found that all of the samples had already reached stable values at this sequencing depth (Fig. 3b) . The result implicated that most multifarious microbes (>85%) had already been captured in all of the samples. The 454 high-throughput sequencing profiles of the different intestine communities of the rabbits revealed a diet-related shift in community composition.
Relative abundance
The richness of certain phyla was significantly affected by antibiotics and Lactobacillus isolates in our study (Fig. 4) . In total, we detected 12 bacterial phyla from 12 libraries and the results showed that 90.5-97.7% reads belong to Firmicutes, Bacteroidetes, Proteobacteria and Verrucomicrobia. The total count and species at each intestinal region of Rex Rabbits were significantly decreased compared with the control group after feeding antibiotics. However, statistical analysis using an chi-square test indicated that Firmicutes, Actinobacteria, Tenericutes, Coriobacteriia did not significantly change within different groups. The percentage of Bacteroidetes in the duodenum, jejunum and caecum was 4.79%, 5.91% and 6.71%, respectively, significantly lower than other groups (p < 0.01) after feeding antibiotics. Otherwise, the percentage of Bacteroidetes in the jejunum and caecum was significantly higher than the control group and antibiotics group after feeding LB1 and L3 (p < 0.01). The percentage of Proteobacteria in the jejunum was significantly lower than other groups after feeding L3 (p < 0.01). Meanwhile, our data also showed the percentage of Verrucomicrobia (p < 0.05) in the caecum was significantly lower than the control group after feeding antibiotics, LB1 and L3.
At the genus level, high-throughput sequencing profile analysis of the intestinal contents of rabbits fed Lactobacillus isolates displayed a high diversity (Fig. 5) . Because several thousand sequences per sample were analysed (minimum 6530, maximum 8436), we were able to detect populations with a prevalence of below The values with different small letters in the same row differ significantly (p < 0.05).
Journal of Animal Physiology and Animal Nutrition 101 (2017) e1-e13 © 2017 Blackwell Verlag GmbH 0.1%, yielding a relatively deep and thorough examination of the predominant bacterial populations in these samples. Fifty-four genera with identified species were detected, and the predominant genera (>1%) identified are shown in Fig. 5 . Through a comparison of different treatments at the same gut region, the data showed that the percentage of Ruminococcaceae (p < 0.05) and Coprococcus (p < 0.05) were significantly increased and that of Lachnospiraceae (p < 0.05) was decreased in the duodenum after feeding antibiotics and LB1. More interestingly, the percentage of Synergistes in the control group was 0 in the duodenum, but the percentage increased to 20.61% after feeding L3 (p < 0.01). The data analysis from the jejunum revealed that the percentage of Bacteroidales, Ruminococcaceae, Lactobacillus and Rikenellaceae increased significantly and that of Lachnospiraceae, altobaculum and carboxydocellaceae decreased after feeding LB1 and L3. Meanwhile, Lactobacillus and Rikenellaceae decreased significantly after feeding antibiotics. From Fig. 5c , the data indicated that the percentage of Lactobacillus and Desulfovivrionacea increased significantly and that of Coprococcus, Synergistes and Christensenellaceae decreased in the caecum after feeding LB1 and L3. The percentage of Bacteroidales and Ruminococcus in the caecum decreased after feeding antibiotics. Our data showed that the intestinal microbiota of rabbits were altered after feeding LB1 and L3.
Population analysis
The principal component analysis (PCA) with the weighted UniFrac and the heat map analysis, which is commonly used for DNA fingerprint analysis, was conducted using pyrosequencing data to further confirm the findings. The PCA plot based on the relative abundance of OTUs revealed a separation between the different treatments and different intestinal regions on the basis of the first two PC scores, which accounted for 22.14% and 41.45% of total variation respectively (Fig. 6) . The more similar the composition of samples were, the closer the distance shown in the PCA picture. Our data showed that the flora diversity was more abundant in the caecum than in the duodenum and jejunum. Heatmap graph is made after clustering based on OUT distribution and abundance in each sample. Different colours represent the percentage of OUT data. The colours from green to red represent sequence numbers gradually increasing in the horizontal axis of this sample (Fig. 7) .
Discussion
Impacts of Lactobacillus isolates on growth performance
The results from this project indicate that both LB1 and L3 can improve the daily weight gain and reduce the feed conversion rate of rabbits, as well as decrease the diarrhoea incidence. These results agreed with previous findings that inclusion of Lactobacillus resulted in a positive effect on growth performance of rabbits (Oso et al.,2013; Aziz et al.,2015) . Matusevicius et al.(2004) also found that the body mass of rabbits increased after 60 days of supplementation. However, there are inconsistent findings about the effects of probiotics. In previous studies, supplementation of E. faecium increased bodyweight in broilers (Samli et al., 2007) but not in sows and piglets (Strompfova et al., 2006; Taras et al., 2006) . Simonova et al. (2013) found that E. faecium CCM7420 (10 9 CFU/g) did not increase bodyweight in rabbits after 21 days of dietary supplementation, but found that it increased the bodyweight after 42 days of supplementation. The contradictions could be due to several factors like dosage used, timing of application, Fig. 4 Bacterial composition of the different communities at the phyla level. Relative read abundance of different bacterial phyla within the different communities. Sequence that could not be classified into any known group were assigned as 'unclassified bacteria'. Sequences that could not be classified into bacteria were assigned as 'other'. A1, A2, A3, A4 represented the sequences of duodenum from control, treatments I, II and III, respectively, at 65 days. B1, B2, B3, B4 represented the sequences of jejunum from control, treatments I, II and III, respectively, at 65 days. C1, C2, C3, C4 represented the sequences of caecum from control, treatments I, II and III, respectively, at 65 days. [Colour figure can be viewed at wileyonlinelibrary.com] duration of administration and age of the animals. In this study, supplementation with LB1 and L3 at a concentration of 1 9 10 9 CFU/g for 35 days was associated with higher growth performance.
Lactobacillus can be colonized and proliferated fleetly after entering the digestive tract and consuming plenty of oxygen, creating an anaerobic environment in the intestine. Colonized and proliferated Lactobacillus can produce antimicrobials that inhibit the growth of pathogenic bacteria and promote the growth of beneficial bacteria (Papadimitriou et al., 2015) . Furthermore, Lactobacillus can attach to the intestinal wall and form a dense membrane flora in the digestive tract to prevent pathogenic bacteria from reproducing on the intestinal wall (Goyal et al., 2013) . In this study, supplementation of LB1 and L3 decreased the diarrhoea rate of growing rabbits, but the antidiarrhoea effect of adding Lactobacillus was lower than that of adding antibiotics. Therefore, Lactobacillus isolates can be used for preventing rather than curing diarrhoea for growing rabbits at present.
Impacts of Lactobacillus isolates on immunological function
Our data indicated that Lactobacillus isolates can increase the intestinal immunological and defensive function of growing rabbits, especially in the caecum. Sequences that could not be classified into any known group were assigned as 'unclassified bacteria'. The bacteria that lower than 1% of total data were assigned as 'the others'. A, B and C mean the sample of duodenum, jejunum and caecum, and 1, 2, 3 and 4 mean the sample of different treatment. p < 0.05 represented significant different in different group at the same gut region and marked by '*'. p < 0.01 represented highly significant different in different group at same bowel and marked by'**'. [Colour figure can be viewed at wileyonlinelibrary.com] Mast cells have long been recognized as the key cells in allergic reactions, and they are essential moderators to regulate T cells (Zhang et al., 2010) . Many studies state that mast cells have important roles in defending micro-organisms as the body's defence against bacterial and viral infections. This correlates with pathogen recognition mechanisms and inflammatory mediator release (Lu et al., 2006) . Some probiotics can produce elements with immune activities during the process of fermentation, for instance, peptidoglycan, cell wall polysaccharides and lipopolysaccharide, etc. (Kandasamy et al., 2014) . In this study, both LB1 and L3 did not significantly affect the mast cells of jejunum and duodenum in 65-day rabbits, whereas the mast cells were remarkably increased in the caecum.
Impacts of Lactobacillus isolates on intestinal microflora of growing rabbits
Lactobacillus isolates have profoundly altered the gut microbiota of growing rabbits. While antibiotics reduced the microbial abundance and diversity, Lactobacillus isolates increased the microbial abundance and diversity. To our best knowledge, this is the first report on using high-throughput sequencing technology to analyse the modulation of the microbial community in the different gut regions of growing rabbits by Lactobacillus isolates. The data from this study provide a physiological basis for further investigation on the interactions between the host, Lactobacillus isolates and the gut microbiota. The data are also important for the implementation of a strategy to reduce or replace dietary use of antibiotics by probiotics or other alternatives in growing rabbit production and breeding. The detailed information of the gut microbial structure and composition obtained by deep sequencing is particularly useful to guide the isolation of microbes from rabbit gut for the development of new probiotics.
In this study, the bacterial diversity was tested using the Shannon and Chao index. The data indicated that the bacterial diversity was the highest in the caecum of rabbits after applying L3, while the bacterial diversity was the lowest in the intestine of rabbits after applying antibiotics. Previous studies proved that abundant and various kinds of intestinal flora are good for health (De Filippo et al., 2010; Ku sar and Avgu stin, 2010; Suchodolski, 2011; Petrof et al., 2013) . We found that Firmicutes, Bacteroidetes, Proteobacteria and Verrucomicrobia (90.5-97.7%) played an important role in all of the libraries. The results were consistent with the findings of Monteils et al.(2008) and Massip et al. (2012) . Bacteria belonging to the phylum, Firmicutes, dominated the bacterial communities of the rabbit in all 12 libraries (70.24-88.56%). These results are supported by a limited number of studies, especially the data in the duodenum and jejunum. Zhu et al. (2015) showed that Firmicutes, Verrucomicrobia, Proteobacteria and Bacteroidetes played an important role in all of the libraries by high-throughput sequencing. Analysis by Huybens et al. (2013) found that 83.3-99.7% of DNA sequences belong to Firmicutes and Bacteroidetes via testing the bacterial compositions of caecal contents in epidemic diarrhoea rabbits and healthy rabbits. Some studies examined 7-month rabbits using 16S rRNA clone sequencing and the results showed that Bacteroidetes and Firmicutes in the caecum were, respectively, accounting for 4% and 94% (Monteils et al., 2008; Combes et al., 2011; Wu et al., 2012) of the total bacterial count. Massip et al. (2012) suggested that the in vivo dominant bacterial community in 63-day rabbits were Firmicutes (90%), Bacteroides (4.6%), Actinobacteria (0.9%) and Proteobacteria (0.7%), respectively, via 16S rDNA highthroughput sequencing. However, the ranking of bacterial ratios in our study showed a preponderance of Firmicutes (79.10%), followed by Bacteroidetes (8.95%), Verrucomicrobia (7.06%), Synergistetes (2.54%) and Proteobacteria (2.33%) using deep 16S rRNA pyrosequencing of the duodenum content after feeding L3. In the current study, the predominance of Firmicutes (Fig. 4) was not particularly surprising, as this has been reported in other culture-independent studies of rabbits. Furthermore, Firmicutes was not found to contribute to microbiota trends with different treatment. However, the total number of Firmicutes in the caecum was lower than the duodenum and jejunum, which may be because the microbe species was more abundant in the caecum.
At the genus level, the relative abundance of these bacterial groups was markedly affected by antibiotics and Lactobacillus isolates. It was observed that Ruminococcus was the leading member of this phylum in 12 libraries. But Lachnospiraceae (46.64%) became the leading member instead of Ruminococcus in the duodenum after feeding L3. More interestingly, the percentage of Synergistes (20.60%) increased significantly in the duodenum after feeding L3 but that of Synegistes was 0 in the duodenum for the control group. In addition, it was observed that unclassified Clostridiales was one kind of main bacteria. However, the unclassified Clostridiales requires more research because the information is unclear.
Bifidobacteria and Lactobacillus are both considered to be beneficial to humans, mice, dogs and pigs . The abundance of Bifidobacteria is of great interest because of the assumed health and nutritional benefits ascribed to these bacteria. However, Bifidobacteria were present at low levels in all samples (less than 1%) in our study. Our experimental findings were consistent with the review (Gidenne et al., 2007) that Lactobacillus was low in the control group and the antibiotic group. But the abundance of Lactobacillus was increased after feeding LB1 and L3 in our study. These results may be because the Lactobacillus were multiplied in the intestine, which can improve the micro-ecological environment of rabbits. In addition, the increased number of Lactobacillus can promote a more diverse range of bacteria to coexist (Thoetkiattikul et al., 2013) .
In our study, the effect of LB1 and L3 on intestinal flora was different. Many studies show that various kinds of Lactobacillus play different roles in the intestine (Wang et al., 2011) . The adhesion of Lactobacillus to the host's intestinal epithelial cells is mainly determined by the chemical structure on the surface of Lactobacillus cells (Jia et al., 2010; Zhang et al., 2012; Desneux and Pourcher, 2014) . Therefore, various kinds of Lactobacillus may have differences in adhesive force to the same host. Further research is necessary in order to better understand the modulatory mechanisms of LB1 and L3 in rabbits.
In conclusion, Lactobacillus isolates can improve the growth performance, enhance the immune and defence functions and alter the gut microbiota to the direction of more abundance and diversity, particularly in the caecum. Although the exact mechanisms of the positive effects by Lactobacillus isolates are not clear yet and need to be further investigated, the present study has provided scientific basis for rational use of Lactobacillus probiotics in rabbit production and breeding.
